Purpose: This study examined the independent associations between cardiorespiratory fitness and circulating adiponectin concentration in adolescents, controlling for several potential covariates.
68
Adiponectin is a protein abundantly expressed in adipose tissue, and it is known 69 to have insulin-sensitizing, anti-inflammatory, and cardioprotective effects (32).
70
Adiponectin is considered to have "healthy effects" because unlike all other adipokines, and total mortality in adulthood(6). Indeed, there is a lack of knowledge on this 80 adiponectin paradox (19).
81
Cardiorespiratory fitness is a powerful marker of current and future health status during childhood and adolescence (30, 34) and is an important predictor of all-cause mortality and cardiovascular disease mortality (18). It has been suggested that cardiorespiratory fitness is one of the most important risk factor for cardiovascular disease, and therefore it should be included in definitions of metabolic syndrome (3).
Paradoxically, recent investigations have showed that adiponectin concentration are inversely associated with physical activity (28), muscular fitness (1), and cardiorespiratory fitness (5, 25) in adolescents. However, studies in adolescents are scarce. Martinez-Gomez and colleagues (25) found an inverse association between cardiorespiratory fitness and adiponectin in 198 Spanish adolescents, independently of age, sex, pubertal status and waist circumference. Likewise, a study of 413 Danish adolescents reported an inverse association between cardiorespiratory fitness and adiponectin after adjusting for adiposity, sex and pubertal stage (5). On the other hand, a study carried out in 192 Scottish adolescents found no association (4). However, none of these studies analyzed their sample in relation neither metabolic nor weight status.
Such analyses might be able to highlight multiple key factors that can influence the relationship of adiponectin with cardiorespiratory fitness. Furthermore, intervention studies have mainly been conducted with obese, diabetics or subjects with metabolic syndrome(10). Recently, Choi and colleagues have suggested that the measurement of adiponectin concentration and BMI together could be an additional predictive marker of survival among the elderly (6). In addition, another study showed that high circulating adiponectin concentration may be an indicator of decreased physical performance, in older adults (17). However, in order to dissect the context-dependent and roles of adiponectin, studies in subjects with different metabolic or weight status (non-overweight and overweight subjects) are required.
To date, the association between cardiorespiratory fitness and circulating adiponectin levels in adolescents remains poorly understood and the studies have often overlooked potential confounders in their analysis. Furthermore, we are not aware of any previous study examining the relationship between serum adiponectin and cardiorespiratory fitness separately in overweight and non-overweight controlling for dietary patterns and other important potential confounders such as pubertal status, adiposity, HDL-cholesterol, inflammation, socioeconomic status and insulin resistance.
Thus, the aim of the present study was to examine the associations between cardiorespiratory fitness and serum adiponectin levels in non-overweight and overweight adolescents, controlling for the above-mentioned covariates. To assess the degree of adherence to the Mediterranean diet the KIDMED 155 index (Mediterranean Diet Quality Index for children and adolescents) was used (36).
156
The index is based on a 16-questions self-administered, which sustain the principles of 
170
The test was performed once, and the number of shuttles performed by each
171
participant was recorded to posterior calculation of VO 2max using Léger's equations 
318
The strengths of our study include the inclusion of potential important 319 confounding variables in our analysis. In addition, adolescence is a period of natural 320 changes in several metabolic systems such as sex hormones and body composition,
321
which may confound the results (40) and all the analyses were controlled for sex, age 322 and pubertal stage. We also classified the participants in three groups according to the 323 age and sex-specific cut-off points for cardiorespiratory fitness. The cardiorespiratory 324 fitness tests used in our study were based on previous studies which have shown to be 325 valid, reliable and feasible for health monitoring purposes in adolescents (35) .
326
Our results should be interpreted with the understanding of some limitations.
327
First, our cross-sectional design does not allow us to establish causality. Second, we 328 measured serum adiponectin levels which result several adipose and non-adipose 
333
We didn't include physical activity as a confounder variable in our analyses 334 due cardiorespiratory fitness has been already reported to be associated with several 335 metabolic outcomes independently of physical activity levels (9). Moreover,
336
cardiorespiratory fitness is a surrogate or a consequence of physical activity levels (i.e.
337
although the genetic component of Vo2max, it is assumed that one's become more fit if 338 perform more physical activity). In our regression models we have been included 339 variables that previous literature has shown to be correlated with the dependent variable 340 (adiponectin).
341
In conclusion, this cross-sectional study shows that serum adiponectin levels are The authors declare that they have no conflicts of interest. 
